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ABSTRACT 
Current literature on business process re-engineering (BPR) lacks detailed guidance and 
support for the actual execution of re-engineering. Many publications illustrate the situation 
before and after BPR; but do not discuss the path that has been travelled to reach the final 
situation. We think that it is possible to provide tools to support practitioners executing BPR 
projects. 
In our research we focus on so-called information production processes: the primary processes 
of organisations delivering products consisting of information. In our search for tools to 
support BPR in this area, we used logistics to give shape to a business modelling language 
that supports BPR. 
In this article we introducé this modelling language and discuss its suitability to support BPR. 
THE NEED FOR PROCESS KNOWLEDGE 
In every business process re-engineering (BPR) project, processes have to be understood to 
enable the participants to design a new process. What the process does, what performance it 
has and which factors influence the performance are among the aspects to be known. For 
example, Guha, Kettinger and Teng (1993) state that the existing process should be clearly 
understood. According to them, the documentation concerning the process should cover a 
description of the process from start to finish, the components of the process and the 
performance of the process. 
On the other hand, Hammer & Champy (1993) argue that a very detailed analysis of a process 
is not needed because the goal of the re-engineering effort is not to improve the existing 
process but to design a "totally new and superior design". 
We agree that it may not be necessary to know all details of a process, the question is which , 
aspects should be known and which not? We doubt whether the global guidelines for re- ' 
engineering as given in the various BPR approaches, suffice to guarantee success, something O 
which the term "engineering" more or less implies. It looks as if BPR is still more an art 
requiring artists1 to succeed than structured knowledge that can be exploited by professionals 
(c.f. Short, 1993). In the literature on BPR, examples of successful BPR implementations are 
given, but the literature restricts itself to descriptions of the "situation before" and the 
"situation after", giving very little information on the redesign process itself. We are looking 
for ways to support the BPR practitioner with bis job. 
Our research focuses on the redesign of primary processes that manufacture products 
consisting of information. Examples of such products are financial services and government 
services. We use the term information production for this kind of production to distinguish it 
from material production, like car manufacturing and electronic appliances production. ^ 
fin information production, as in material production (c.f. Manager Magazin, 1993), the goal 
v for many BPR projects is to shotten the lead time of the processes. Managers ask themselves 
why the lead times of jobs are tenfold of the times actually worked on the jobs. In one of our 
studies with 7 financial institutions, we learned that the mean lead time of making a mortgage 
offer was about 5 days while the mean time worked on the offers was about half an hour. 
Other studies provide about the same figures (e.g. Wilder, 1991; King, 1991). 
, Re-engineering of information production processes to attain shorter lead times asks for 
knowledge about the factors that influence these times. One should understand the factors 
playing in a role in the determination of the lead time, and how different designs lead to 
different production lead times. We think the re-engineering team should have this knowledge 
at hand to be able to effectively make a design for a faster process. 
Moreover, currently used methodologies for analysis and design of information production 
processes stem from the information systems area, and do not have the correct focus for BPR 
(Gerrits, 1993). 
\ 
1
 Hammer & Champy (1993) give an indication of the qualities needed: "it [redesign] requires imagination, 
inductive thinking, and a touch of craziness". 
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MODELLING REQUIREMENTS FOR B P R 
To support BPR practitioners, we focus at modelling languages that can be used to describe 
the processes to be redesigned. Modelling language have the following contribution to the | 
analysis and design process. I 
• They serve as a sieve to depict just those aspects of a complex reality that are important ! 
for the problem to be solved. The model focuses attention on the aspects that are important 
and hides unimportant aspects. i 
• They serve as a mean to enable communication between the parties involved in the • i 
redesign process. In a BPR project many different parties will participate. A common, ; I 
simple and unambiguous language is needed to enable all parties to discuss the process to 
be re-engineered. 
• They serve as a mean to ensure the quality of the analysis and design process. As the • 
model will ask for certain aspects to be depicted, it ensures that attention is paid to these 
aspects. Furthermore, the language constructs of the modelling language might enable 
certain valid model constructions and disable invalid model constructions. 
'.. BPR in information production asks the following of models to be used: 
1. The models should be aimed at depicting business processes. Currently used models (in 
information production) originate mainly from the information systems area and hence are 
suitable to depict information handling processes. They do not depict the aspects that are 
needed as input in BPR. To redesign information production processes one needs to know 
others) how long a process takes to be executed, what capacities are needed to 
the process and what departments are involved, etc. These are the aspects that 
. f'need to be discussed when the processes are to be redesigned and hence they should be 
(
, i modelled. 
2-. 'The models should be able to depict cross-functional processes. The aim of BPR is to 
• '•• achieve optimization of the entire process instead of local optimization leading to 
suboptimal process performance. This asks for models that have possibilities to depict the 
various departments or functions a process flows through. Models from the information 
systems field depicting processes tend to neglect the physical aspects of processes and just 
look at a logical level at the information processes. 
3. The models should be interpretable by domain experts. BPR literature urges that re-
engineering should be done with active participation of domain experts and is not 
something that can be done by technical experts. To be able to actually have users 
participate in the re-engineering process the models used should be easily interpretable by 
them. 
4. Preferably, the models should give a basis for simulation of the existing processes and 
proposed re-engineered processes. The simulations can be used to assess the quality of the 
models of the current situation on one side and the performance of the redesigned 
processes on the other side. Simulation is an important theme in some of the BPR 
approaches, e.g. Davenport & Short (1990), Morris & Brandon (1993) and Johansson et al 
(1993). 
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COMPONENTS OF PRODUCTION LEAD TlME 
/ I O understand the determinants of production lead time in information production, we looked 
s
. at knowledge of logistics in material production. Production lead time is an important issue in 
•7- this area and many publications on this subject exist (e.g. Goldratt & Cox, 1984; Shingo; 
i 1992; Stalk, 1988). We used this knowledge to develop a theory on the components of 
s production lead time in information production. Because of the limited size of this paper, we 
can only piek out those aspects of logistics needed to make our point. Interested readers are 
directed to the logistics literature. 
First we have to define the concepts used. Production lead time is best defined from a \ 
customer's perspective. The time that passes between the moment a customer orders a product I. 
and the moment the product is delivered is the production lead time. This represents an/ 
outside view on the production process. / 
Looking inside, the process is composed of operations. Operations execute part of the process. 
The total transformation function of the process, transforming the process's inputs into its 
„ outputs, is accomplished in steps. Operations may be executed parallel or sequential, 
depending on their characteristics. 
/Operations need resources to be executed. Resources in information production are man, 
\ computers, faxes, etc. Resources have a limited capacity: they can perform a bounded number 
of operations in a certain period. 
/The first component of production lead time is the processing time: the time actually worked 
i on a customer order. Because most processes are composed of a number of operations, the 
processing time can be dispersed through the production lead time. 
Second time component is the queue time: the time a job waits for a resource to become 
available. Because demand for capacity and supply of capacity will not always be balanced, 
jobs will arrive at resources that are occupied. The jobs have to wait in line for resource 
availability. Desks with piles of forms to be processed provide a physical representation of 
queue times. 
'""We distinguish two kinds of queue times: capacity oriented queue times and batch oriented 
queue times. The cause for capacity oriented queue times lies in the unbalance of demand and 
supply of capacity. For reasons of efficiency, the capacity of resources will be on par with 
demand in the long run, but the demand as well as supply will fluctuate over time, leading to 
queue times. 
Batch oriented queue times are caused by the periodic availability of capacity of resources 
that are operated in batch mode. Jobs arriving at such a resource have to wait for the next 
moment the resource is operated again. 
The existence of batch mode operation is partly due to another component of the lead time, 
the so-called set up time. Set up time is the time that passes between the moment a resource > 
is ready with the previous job and is able to start the next job. Some resources need to be 
configured to perform a certain operation. Well-known examples in material production are 
the die cast machines in car manufacturing. In situations where the set up time is considerable 
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and the resource concerned is expensive the set up time needs to minimized. Similar jobs that 
need the same resource configuration are combined into larger jobs, leading to batch 
production. 
In information production set up time of machines is diminishing because of the advances in 
information technology. On the other hand, considerable set up times of employees do exist in 
information production. Production processes with many operations each executed by 
different employees show assimilation times that are equivalent with the set up times of 
machines. Every employee that is to execute an operation, needs some time to assimilate the 
case at hand. This time has no added value because every employee will have to do the same 
again. If the operations were executed by a single employee, the assimilation time would only 
occur once in the process. This provides an efficiency advantage for integration of tasks, as 
promoted in some of the BPR methodologies. 
The fourth lead time component is wait time. Wait time occurs in production processes with 
parallel operations that at some point have come together. Two parts that are produced in 
parallel streams and have to be assembled at a certain point is an example of such a situation. 
If the two parts are not at the assembly point at the same moment, the one first arrived 
experiences wait time. 
The last component of production lead time is transport time. This is the time needed to 
move a job from a resource at a certain location to another resource at another location. In 
case the data is transported electronically, the transport time will be small, in case of 
paperwork, forms have to be transported by mail, which can take a rather large amount of 
time. 
The total lead time of an information production process is build up from these five 
components. As we have argued before, we want to make a modelling language that is able to 
depict information production processes in such a way that the factors determining the 
production lead time are visible. Not all of the time components discussed above are not 
directly visible in the processes. They are however determined by factors that are visible in 
the process. 
The setup time is determined by the number of different resources that is used in the process. 
Different machines, as fax machines, typewriters and calculators, each need set up time. 
Furthermore, each employee participating in the process needs some set up time. 
Opportunities for improvement are to be found in minimization of the number of resources 
used in the process. Less different resources used results in less set up time in the process. 
For every resource the process has, a job will have to wait in line for that resource. The queue 
time is dependent of the characteristics of the process. Due to the statistical variances in the 
execution of operations and the need to utilize resources efficiently, queues can hardly be 
avoided. 
The transport time is dependent on the number of resources also: the more resources, the more 
transport time. This transport time could be shrunk to zero if electronic communication is 
used for it. Shortening the transport time of paper transport (mail) can be done by increasing 
the frequency of the (interna!) mail delivery. 
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Wait time can only occur in case of parallel streams of operations so to a certain level it is 
also depending on the number of resources. The more different resources used, the more 
possibilities for parallel execution of resources. Of course will the parallel execution of 
operations shorten the production lead time. 
We do not want to detail the characteristics of processing time, although this time component 
might be shortened also. This will however not lead to large improvements in lead time since 
other time components, especially queue times, seem to account for the largest part of the 
production lead time. 
MODELLING LANGU AGE CONCEPTS 
Having discussed the components and determinants of the production lead time a modelling 
language to depict these characteristics of information production processes is designed. 
Operation 
An operation processes data, it reflects the processing component of an information 
production process. An operation takes some input data, and produces output data. A sharp 
definition of an operation is needed to get a good view at the components of the production 
lead time. Wait time, queue time and transport time may not be part of the process. If these 
time components are existent within the operation, the operations should be split in several 
operations that only contain process time and possible some set up time. Set up time can not 
be measured exactly, we assume that each resource takes some set up time, and hence will 
have an indication of this time component looking at the number of resources used. 
Furthermore, it should be possible to exactly formulate what the pre-conditions and the post-
conditions of the operation are. The pre-conditions describe the needed input data; the post-
conditions describe the produced output. If these conditions can not be formulated clearly, the 
operation is not well-defmed. This happens for example when an operation is defined like a 
function, like "planning and control". Some inputs will be needed to execute the 
planning part while other inputs will be used for the control part. The operation 
should then be split up in different operations that have clearly defined functions, 
inputs and outputs. 
An operation is represented by a circle with the name of the operation in it. 
Task 
Because the availability of resources determines the queue time on one hand 
and the transition of the process from one resource to another determines set 
up time, we need to depict the resources used in the information production 
process. 
As employees form the main resources in information production, we depict 
the employee who executes an operation by drawing a rectangle round the 
operation executed. If an employee executes a series of consecutive 
operations, the rectangle is drawn around all operations. The name of the 
function of the employee is written down in the lower right corner of the 
rectangle. 
The combination of operations and the employee executing them is called a task. 
[operation] 
employee 
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data 
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Transport 
Information transport between resources is depicted by an arrow that carries 
the name of the data that is transported. Data flows are needed whenever an 
information production process proceeds from one resource to another resource located at a 
different geographical location. The flow of data depicts the determinants of transport time 
and defines the sequence of operations in a process. 
Queue and Wait time 
To keep our modelling language as simple as possible, we 
use the same symbol for queue and wait time. Conceptually, 
both represent a state of non-activity: no work is done on the 
case. We use a triangle to depict queue and wait times. 
Depending on the configuration of the flows towards the 
triangle, the difference of queue and wait times is made 
clear. If only one flow comes into a triangle, it is a queue. If 
more flows go into a triangle, it will be a combination of 
wait time and queue time. 
±z 
Organization Unit 
Employees are organized in organization units. We depict these 
organization units because the transition from one unit to another will 
involve at least queue time and possibly transport time. Furthermore, we 
can depict the different departments that are involved in the execution of 
the process. 
The organization unit is described by drawing a square contending the 
employee squares. This approach can be used to depict more levels of 
aggregation. This modelling construct also gives a possibility to 
decompose the model in parts that are depicted in more detail in other 
diagrams. 
employee 
employee 
department 
Choice 
In most processes simple and complex cases can be discovered. 
These points in the process can be used for controlling the simple/^^^Xeomplex 
workflow through the process. 
The points in the process at which these decisions are made need 
to be depicted. We use a black triangle to depict the choices in processes and use the name of 
the flows going out of them to name the different cases. 
n l / ^^\c  
External agent 
An external agent is an external organization or person that acts as source or 
destination of data. Customers and suppliers are examples of these. External 
agents are depicted by a rectangle carrying the name of the agent. 
The external agents reflect the suppliers of data or processing. 
external 
agent 
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Means 
Employees use technical means to execute operations. Means can be computer y 
programs, fax machines, printers and so on. Because the use of means /means 
influences the queue and set up time, we want to depict the means in our ^ ' 
model. Each time an employee has to switch means to handle the case, we defme it as a new 
operation. The means used are depicted with the symbol. The name of the means is written 
down in it. 
Archive 
Especially for describing processes that have paper flows, the archive symbol is 
necessary. The availability of data is one of the sources of wait time. The 
archive is depicted by a rectangle with a shadow carrying the name of the 
archive. 
EXAMPLE USE OF THE MODELLING LANGUAGE 
The modelling language can be used to describe both the models of the current situation as 
well as the model of the situation to be achieved. Although sometimes impractical due to 
paper size limitations, an information production process should be depicted as a one way 
stream. By depicting all operations in line (whereby different resources might be visited more 
than once), the process lead time is made visible. 
The next page gives an example of an information production process that is represented with 
the modelling language. It is a sample process of a customer opening an account at a sales 
office of a bank. 
CONCLUSION 
The modelling language presented in this paper gives modelling gives support for executing 
BPR processes in information processes, especially if the goal is to shotten production lead 
time. The main advantage is that it looks at these processes as business processes and depicts 
the aspects that are needed to discuss when re-engineering these processes. 
The model focuses on production lead time. It clearly depicts the components that determine 
this time through which the discussion on these time components is fed. As many BPR 
projects in information production are focused on the improvement of the production lead 
time, 
The cross-functionality of the processes is depicted by the mapping of operations to resources. 
The resources may be grouped in departments, or locations. 
Furthermore the model is easily interpretable by the users / domain experts. They actually can 
recognize themselves in the model. This makes the models a practical mean to actively 
involve the domain experts in the process of re-engineering. This is a basic condition for a 
BPR project to be successiul. 
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client 
application form 
V 
^fiiakeN client data 
client 
Vsrecorpy 
erk-1 
CRS 
^validate 
input 
application form 
manager 
client data /  
Ni y ^ C R S 
sales office 
CRS= Client Registration System 
CAS= Client Account System 
application form 
Iz, V 
' open > 
accourv 
clerk-2 
account CAS 
application form 
^a l i da leJ^ a c c o u n t 
LaccouirJ 
manager 
^ account / 
\ i -/ CAS 
application form sales dept 
VL 
' archive' 
forms 
archiver 
N application l 
form 
archive ecord office 
headquarters 
account 
5^Z 
client 
Example use of modelling language 
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